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Performing Function Operations

For use with Exploration 2.9

Essential Question How can you use the graphs of two functions to
sketch the graph of an arithmetic combination of the two functions?

Just as two real numbers can be combined by the operations of addition, subtraction, multiplication,
and division to form other real numbers, two functions can be combined to form other functions.
For example, the functions f (x) = 2x — 3 and g(x) = x*> — 1 can be combined to form the sum,

difference, product, or quotient of fand g.

f(x)+g(x):(2x—3)+(x2—1)=x2+2x—4 sum
f(x) - g(x) = (2x - 3) - (xz - 1) =-x"+2x-2 difference
f(x) ® g(x) = (2x - 3)(X2 - 1) =2x> = 3x* = 2x+3 product
flx)  2x-3 .
2(x) = 21 quotient
a EXPLORATION: Graphing the Sum of Two Functions ]

Go to BigldeasMath.com for an interactive tool to investigate this exploration.

Work with a partner. Use the graphs of f'and g to sketch the graph of f + g. Explain

your steps.

Sample Choose a point on the graph of g. Use a compass or a ruler to measure its
distance above or below the x-axis. If above, add the distance to the y-coordinate of
the point with the same x-coordinate of the graph of f. If below, subtract the distance.
Plot the new point. Repeat this process for several points. Finally, draw a smooth
curve through the new points to obtain the graph of f + g.
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m Performing Function Operations (continued)

a EXPLORATION: Graphing the Sum of Two Functions (continued)
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Communicate Your Answer

2. How can you use the graphs of two functions to sketch the graph of an arithmetic
combination of the two functions?

3. Check your answers in Exploration 1 by writing equations for fand g, adding the
functions, and graphing the sum.
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Practice

For use after Lesson 2.9

Core Concepts

Operations on Functions

Let f'and g be any two functions. A new function can be defined by performing any of the four basic
operations on fand g.

Operation Definition Example: f(x) = 5x,g(x) = x + 2
Additon e = f v al) | (F+ )= Sr+ (x4 2) = 6r 42
Subtraction (f = g)x) = f(x) — g(x) (f—g)x)=5x—(x+2)=4x-2
Multiplication (f2)(x) = f(x) ® g(x) (f2g)(x) = 5x(x + 2) = 5x% + 10x
Division f - f(x) f Q) = 5x

[gj( ) g(x) (gj( )=

The domains of the sum, difference, product, and quotient functions consist of the x-values that
are in the domains of both f'and g. Additionally, the domain of the quotient does not include
x-values for which g(x) = 0.

Notes:

Worked-Out Examples

Example #1

Find (f+ g)(x) and (f - g)(x) and state the domain of each. Then evaluate f+ g and f- g for
the given value of x.

F(x) = 1lx+ 2x% g) = —Tx =382 +4; x=2

(f + 9 = flx) + glx)
=(1lx + 2x2) + (—7x — 3x2 + 4)
=—x>+4x+4

The functions fand g each have the same domain: all real
numbers. So, the domain of f + g is all real numbers. When
x = 2, the value of the sum is

(f+2)=—(2)+42) +4=38.

(f — ) = flx) — g(x)
=(1lx + 2x?) — (=7x — 3x> + 4)
=5x2+ 18x — 4
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m Practice (continued)

The functions fand g each have the same domain: all real
numbers. So, the domain of f — g is all real numbers. When
x = 2, the value of the difference is

(f — 9(2) =5(2)> + 18(2) — 4 = 52.

Example #2
Find (fg)(x) and (;)(x) and state the domain of each. Then evaluate fg and 5 for the given

value of x.
f(x) = x% gx) = 3Vx; x=4

(f2)(x) = (H)(3Vx) = 3x%2

The domain of fis all real numbers and the domain of g is
x 2 0. So, the domain of fg is x = 0. When x = 4, the value of
the product is (fg)(4) = 3(4)”? = 3(512) = 1536.

oy = X _x"”
[0 =373

The domain of fis all real numbers and the domain of g is

x 2 0. So, the domain of]—C is x > 0. When x = 4, the value
g

f) 47 _ 128

of the quotient is (— 4) ="
8 3 3

Practice A
In Exercises 1-4, find (f + g)(x) and (f — g)(x) and state the domain of each.
Then evaluate f + g and f — g for the given value of x.

1. f(x) = 3%, g(x) = 3¥x;x = ~1000

2. f(x) = -x? -3x+8,g(x) = 6x — 3x%;x = —1

3. flx) = 4x® +12, g(x) = 2x* = 3x* +9;x =2

4. f(x) 254/;+1,g(x) = 3x - 2ux=1
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m Practice (continued)
f

In Exercises 5-8, find (fg)(x)and (g)(x) and state the domain of each. Then

evaluate fg and 5 for the given value of x.
5 f(x) = -x,g(x) = 23/x;x = —64 6. f(x) =12x,g(x) = 11x"*;x = 4
7. f(x) = 0.25x1/3,g(x) = 4y x =1 8. f(x) = 36x7/4,g(x) = 4x%;x = 16

9. The graphs of the functions f(x) = x> — 4x + 4and g(x) = 4x — 5 are shown. Which graph
represents the function f + g? the function f — g? Explain your reasoning.
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10. The variable x represents the number of pages of a textbook to be printed. The cost C to print
the textbook can be modeled by the equation C(x) = 0.2x* + 10. The selling price P of the

textbook can be modeled by the equation P(x) = 0.05x* + 20.
a. Find (P - O)(x).

b. Explain what (P — C)(x) represents.
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Practice B

In Exercises 1 and 2, find (f + g)(x) and (f - g)(x) and state the domain
of each. Then evaluate f + g and f — g for the given value of x.

1. f(x) = Y4x; g(x) = -9/dx;x = -2

2. f(x) =3x-5x" — x5 g(x) = 6x* —4x;x = -1
In Exercises 3-5, find (fg)(x) and (é)(x) and state the domain of each.
Then evaluate fg and g for the given value of x.

3. f(x) =3xg(x) = ;i x = -8

4. f(x) =3x% g(x) = 5xV*x = 16

5. f(x) = 10x7°; g(x) = 2x"*;x = 64

In Exercises 6 and 7, use a graphing calculator to evaluate (f + g)(x), (f - g)(x),

(fg)(x), and (gj(x) when x = 5. Round your answers to two decimal places.
6. f(x) = =3x"3; g(x) = 4x"? 7. f(x) = 6x7%; g(x) = 3x"?

8. Describe and correct the error in stating the domain.

>< f(x) = 4573 and g(x) = 2523

The domain of (i](x) is all real numbers.
g

9. The table shows the outputs of the two functions f'and g. Use the table to evaluate

(7 + QO (f = £)O). (7)), and (£ 2)

x |0 |1 ]2 |3]4 |5
fix) |18 | 138 |3 |—=2|—7
gx) |64 (3216|814 |2
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